The detailed methodology and implementation of a semiautomatic microtechnique for performing serial dilution antimicrobial susceptibility studies are described. Quantitative susceptibility studies to a battery of The "U"-bottom plate is preferred to the "V"-bottom plate because the latter has a small button of plastic at the bottom of each well which interferes with reading of the end point. Rigid polystyrene "U"-bottom plates, both clear and frosted, are commercially available but are not used in this laboratory because the end points are more difficult to read. The flex vinyl "U"-bottom plates are sterilized with ethylene oxide and allowed to remain at room temperature for at least 2 days before use. Sterilization tape is placed on each lot to detect adequate sterilization. 
The detailed methodology and implementation of a semiautomatic microtechnique for performing serial dilution antimicrobial susceptibility studies are described. Quantitative susceptibility studies to a battery of Co.) . A hand-held multidiluter handle frame is available and has accuracy comparable to the autodiluter but is slower and more cumbersome to use with large numbers of plates.
The 50-,uliter microdiluters have been found to have a mean volume of 50. 4 Aliters and standard deviation (SD) of 0.65 with 0.9% NaCl. After 8 months of use, the mean volume was 51.6 with an SD of 0.64. When Trypticase soy broth or serum is used, the mean volumes are 49.4 and 49.9 ,uliters, and the SD is 0.36 and 0.71, respectively. Each morning before use, the microdiluters are flamed to incandescence, quenched in distilled water, touched to blotting paper to remove most of the water, and flamed briefly to dryness. After this procedure, they are ready for use. Disposable flex vinyl "U"-bottom plates (Cooke Engineering Co.) with 96 wells, each with a capacity of 250 uliters, are used for the dilutions. The "U"-bottom plate is preferred to the "V"-bottom plate because the latter has a small button of plastic at the bottom of each well which interferes with reading of the end point. Rigid polystyrene "U"-bottom plates, both clear and frosted, are commercially available but are not used in this laboratory because the end points are more difficult to read. The flex vinyl "U"-bottom plates are sterilized with ethylene oxide and allowed to remain at room temperature for at least 2 days before use. Sterilization tape is placed on each lot to detect adequate sterilization. ,lAiters. The decreased size of the drop is quite consistent and depends on the type of solution used. Although a smaller drop alters the accuracy of twofold dilutions, no specific correction is made since the error is small and consistent throughout all dilutions. After the pipettes have been used, they are placed in a solution of Amphyl (National Laboratories, Lehn and Fink Industrial Products Division, Sterling Drug Co., Inc.) for a period of 2 to 6 hr, rinsed three to four times in distilled water, turned upside down, and allowed to dry overnight before resterilization. Each pipette is wrapped in a paper towel, closed with masking tape, gas sterilized with ethylene oxide in a manner similar to the plates, and allowed to remain at room temperature for 1 to 2 days before reuse.
Much of the initial work in this laboratory was performed by dispensing the 50 ,uliters of diluent broth with the calibrated pipettes. Recently an instrument (designed and built by Biomedical Engineering and Instrumentation Branch, Division of Research Services, National Institutes of Health) which dispenses 50 uliters of broth by positive displacement has been used. Since this is a prototype, it will not be described in detail. A commercially available hand or pneumaticoperated dispensing device (Astec Inc., Orange, Conn.) was tested briefly in this laboratory. This instrument gave results comparable to the calibrated pipette and was somewhat faster in its operation. There were difficulties in using this device because the broth media tended to clog some of the internal parts. Newer versions of this instrument may not have this problem.
The accuracy of the twofold dilutions in an aqueous medium was determined by diluting a standard sodium chloride solution and measuring in duplicate the chloride concentration in each of the wells by using the Aminco-Cotlove Titrator. The eighth dilution was 4 hr, but the conditions of incubation are varied, depending on the organisms being tested. Increased carbon dioxide, anaerobiosis, or lower temperatures are used for appropriate cultures.
The plates are read by placing on a test reading stand (Cooke Engineering Co.) and overlaying a plastic sheet lined with thin black strips which produce a dark background. The use of the plastic sheet has greatly facilitated identification of the end points. The end point or minimal inhibitory concentration (MIC) is defined as that well which has the lowest concentration of antimicrobial agent in which there is no macroscopic bacterial growth. Bacterial growth in this system is usually manifested either by a button of bacteria which has settled to the bottom of the well, generalized turbidity of the medium, or a combination of the two. Some organisms which grow as very small granules or streaks in the well may be difficult to see. Frequently staphylococci with erythromycin and many different organisms with tetracycline and chloramphenicol are more difficult to interpret because there is a small amount of growth which occurs in many of the wells. An obvious difference between the usual growth pattern and the tiny button of organisms is easily seen. For this type of growth, the end point has been arbitrarily designated as the lowest concentration in which the button is less than 0.5 ml in diameter. By using this criterion, reproducible results are obtained by different observers. The MIC is recorded for each of the agents with the tested organism, and these results are reported in micrograms per milliliter of broth.
If the organism is a rapid grower, a preliminary reading can often be made after 4 (1, (3) (4) (5) .
At present, three technologists perform 8,000 to 10,000 serial dilution tests per month. This technique is not simpler nor faster than disc techniques but is in the order of 10 times faster than the standard manual methods for performing serial dilution tests.
The two areas of its greatest usefulness are in allowing the physician to choose antimicrobial therapy on the basis of quantitative in vitro results and easily document the levels of antimicrobials obtained in body fluids. The use of quantitative data has not only immediate therapeutic application but represents a powerful epidemiological tool as well. Time will be the final arbiter in deciding whether these quantitative data are, in fact, more useful to the practicing physician, but it is hoped that this information will allow the practicing physician to make more rational choices of antimicrobial therapy than are presently being made.
